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Introduction 
The leaf nitrogen (N) concentration of com is related to the amount of chlorophyll in the leaf, 
and it may be possible to use a portable chlorophyll meter to estimate whether a crop is 
deficient in N and, when calibrated, to estimate the amount of N fertilizer required to attain 
optimum yield if the reading is below the critical value. Taking chlorophyll readings on the 
plant allows sampling in fields fertilized with injected N before planting. With the technology 
currently available it may be possible to walk through a field taking random chlorophyll 
readings and to predict if additional fertilizer is required; if so, the quantity could be figured 
out within minutes of walking out of the field. 
The objective of the experiments reported here was to find if the chlorophyll content of V6 com 
leaves can be used as a measure of the N fertilizer needs of the crop growing in fields injected 
with N fertilizer before planting. 
Method 
The experiment was conducted at two sites from 1991 through 1993. One site was located west 
of Ames, Iowa on a Nicollet loam soil. The other site was at the Southeast Research Farm near 
Crawfordsville, Iowa on a Mahaska soil. Soils at both sites contained adequate phosphorus and 
potassium to support maximum growth. 
Treatments and experimental design were identical at both locations. The method of N 
fertilizer application, either spring broadcast or spring inject, and N fertilizer rates of 0, 40, 80, 
100, 120, and 180 pounds of N per acre were combined in a split-plot design with four 
replications. Main plot treatments were methods of application. Sub-plots were N rates. N 
fertilizer was applied as a urea-ammonium nitrate solution (28% N). Broadcast applications 
were incorporated within 24 hours of application at both sites in all years. 
The chlorophyll content of the com leaves was measured by using a Minolta SPAD-502 
Chlorophyll Meter when the plants were in the V6 growth stage. Readings were taken on ten 
plants selected randomly from the center two rows in the plots. The measurement was made 
on the most recently mature leaf at the point where it bent down and halfway between the edge 
and the mid-rib. Readings are reported as "SPAD readings." 
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Pioneer 3417 was planted at the Ames site in 1991. Pioneer 3394 was planted at this site in 1992 
and 1993. The hybrids used at Crawfordsville were Asgrow Rx 746 in 1991, Lynx 432 in 1992, 
and Pioneer 3417 in 1993. 
Results 
Yields 
Yields for all years are reported in Tables 1 and 2. Yields typify those reported in commercial 
fields in the surrounding area each year. There was a significant response toN rate at both 
sites in all years except Crawfordsville in 1991. Although there was some variability, yields 
increased with increasing N rates. There was a significant response to the method of N 
fertilizer application at the Ames site in 1993. Injected treatments yielded 8 bushels/ a more 
than broadcast. This was probably due to rapid mineralization of the broadcast N followed by 
either leaching or denitrification of the N03 caused by the large amount of precipitation that 
occurred. 
Chlorophyll Content of V6 Corn Leaves 
Chlorophyll content of V6 com leaves increased with increasing N fertilizer rates at both sites 
in both years (Tables 1 and 2). The reading range was narrow, 3 to 4 SPAD units, and varied 
between site and year. The method of N fertilizer application did not affect the SPAD readings. 
SP AD readings described about 80% of the variability in com grain yields at the Ames site in 
1991 and 1993 but only about 25% in 1992 (Figure 1 a). The relationship between SPAD 
readings and yields was different each year. The data were similar at the Crawfordsville site 
(Figure 1 b). Also, the relationship between SP AD readings and yields was different for the 
two sites within each year. 
Relative SP AD readings are calculated by finding the highest reading observed and dividing 
the other readings by it for each site in each year. This standardizes the data on a percentage 
basis and allows us to combine the data over sites (Figure 2). There was a strong relationship 
(r2= 0.99) between relative SPAD readings and N rates. Unfortunately, there was no 
relationship between relative SPAD readings and observed grain yields when the data for 
different sites in all years were combined (Figure 3). 
Relative yields were calculated using the same method described for calculating relative SPAD 
readings. There is a good relationship between relative yields and relative SP AD readings 
(Figure 4). In fact, using a critical SPAD reading of 96 and a relative yield of 92, there were no 
points in the upper left quadrant of the figure. This quadrant represents errors where fertilizer 
would be recommended to a non-responsive field. There was one point in the lower right 
quadrant. This represents errors where fertilizer would not be recommended, but a response 
would have occurred. 
Conclusions 
Data from this experiment suggest that it is possible to detect N deficiencies in com in the V6 
growth stage using a chlorophyll meter. The actual measurements are different at different 
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sites within years and different at the same sites among years. This is attributable to the 
differences between hybrids and weather, etc. However, the data can be normalized by 
calculating relative SP AD readings and relative yields. SP AD readings below 96 suggest a 
deficiency that requires addition of N fertilizer. 
As suggested by others, the only way to use SP AD readings for N management is to establish 
adequately fertilized areas within each field where readings will be taken. These areas must 
represent the field, or areas within large fields. When the plants are in the V6 growth stage, 
SP AD readings are taken on the adequately fertilized area to establish the actual adequate 
readings. Readings taken on the other areas of the field are then divided by the adequate 
readings to calculate relative SP AD readings. If they are below 96, then N fertilizer is required 
to maximize yield. Additional research is required to find the amount of N fertilizer required 
when deficiencies are detected. 
Care must taken when taking and interpreting SP AD readings. The readings must be taken on 
the same leaf and at the same location on the leaf on each plant. Do not mix readings from 
different hybrids. Reference strips must represent the rest of the field . Do not take readings on 
plants that exhibit other problems, IE. disease or other nutrient deficiency symptoms. 
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Table 1. Effect of N fertilizer rate and method of application on leaf chlorophyll content (SPAD) 
and corn grain yield at Ames, Iowa, 1991 through 1993. 
Method of N 1991 1992 1993 
Application N Rate SPAD Yield SPAD Yield SPAD Yield 
lb/a bu/a bu/a bu/a 
Spring Broadcast 0 49.3 119 45.5 133 43.5 85 
40 51.1 142 46.0 177 44.7 96 
80 51 .1 158 46.4 200 45.2 100 
100 52.4 161 47.5 158 44.7 98 
120 53.7 154 48.4 165 48.9 111 
180 52.4 163 48.4 207 47.2 119 
Mean 51 .7 149 47.0 173 45.7 102 
Spring Inject 0 50.1 119 45.1 123 41 .9 77 
40 51 .0 153 46.3 150 46.8 101 
80 52.2 159 48.5 161 47 .6 113 0 
100 52.5 160 48.3 196 47.4 115 ...-4 ...-4 
120 52.9 165 48.1 181 47.8 121 
180 53.4 153 47.3 180 46.5 130 
Mean 52.0 152 47.3 165 46.3 110 
Prob. > F 
N Rate <0.01 <0.01 <0.01 <0.01 0.02 <0.01 
Method 0 .56 0 .53 0.64 0.09 0 .46 <0.01 
N Rate • Method 0 .57 0.50 0.20 0.05 1.52 0.23 
Table 2. Effect of N fertilizer rate and method of application on leaf chlorophyll content (SPAD) 
and corn grain yield at Crawfordsville, Iowa, 1991 through 1993. 
Method of N 1991 1992 1993 
Application N Rate SPAD Yield SPAD Yield SPAD Yield 
lb/a bu/a bu/a bu/a 
Spring Broadcast 0 51.5 90 49.0 98 50.6 72 
40 51.5 78 50.9 110 49.9 72 
80 53.3 87 50.5 134 54.3 105 
100 52.6 100 50.9 134 53.7 95 
120 52.7 89 50.4 140 54.0 92 
180 53.2 96 51.4 146 52.8 92 
Mean 52.5 90 50.5 127 52.6 88 
Spring Inject 0 51.3 90 48.1 91 49.3 82 rl 
40 52.7 91 51.5 132 51.0 82 rl rl 
80 52.8 84 51.3 140 53.2 88 
100 52.0 86 50.8 149 54.1 105 
120 53.3 95 50.5 143 53.5 101 
180 54.1 89 51.8 152 53.8 131 
Mean 52.7 89 50.7 135 52.5 98 
Prob. > F 
N Rate 0.02 0.95 <0.01 <0.01 <0.01 <0.01 
Method 0.75 0.64 <0.01 0.07 0.95 0.27 
N Rate • Method 0.62 0 .57 1.00 0.48 0.89 0.38 
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Relationship between SP AD readings and com grain yields in all years at 
Ames (a) and Crawfordsville (b). 
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Figure 2. 
Figure 3. 
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Relationship between relative SPAD readings and com grain yield over all 
sites and years. 
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Figure 4. 
• 1991 + 1992 • 1993 
107 
-+ 
102 
"C 97 
-
• +,. • 
r 
• 
• 
r 
Q) 
• ·- 92 >- -.... ..... -
Q) 87 > + 
+J 
«S 82 
-Q) • 
a: 77 
• 
72 ~ r2 • 0.80 
67 _1 +_t _l _l .l. _l 
92 93 94 95 96 97 98 99 100 101 102 
Relative SPAD Readings 
Relationship between relative SPAD readings at the V6 growth stage and relative yields at all sites in 1991, 1992, 
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